that during long-term therapy the plasma digoxin ooncentration reflects the tissue concentration because of a fairly predictable plasma: tissue distribution ratio. All the patients with digoxin toxicity reported here had been previously digitalized and intoxication occurred during the process of chronic therapy as a result of the slow accumulation of digoxin. In this clinical context it is possible to cautiously plan a therapeutic approach to the problem on the basis of the results obtained.
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If an adult patient has been digitalized with digoxin and has been taking digoxin orally for more than three days, and presents with symptoms or signs suggestive of digoxin toxicity and the plasma potassium is not less than 3-5 mEq/l., then:
(1) If the plasma digoxin concentration is less than 4 miug./ml., digoxin intoxication is very unlikely.
(2) If the plasma digoxin concentration lies between 4 and 5 mng./ml., then digoxin intoxication is very likely and digoxin therapy should be temporarily stopped and restarted at a lower dose. Certainly increasing the dose of digoxin would be contraindicated. If in this situation emergency therapeutic measures were indicated, a fairly safe assumption of digox n intoxication could be made and appropriate measures instituted.
(3) If the plasma digoxin concentration is greater than 5 mug./ ml., then a definite diagnosis of digoxin toxicity could be made.
The nine patients whose plasma digoxin concentrations are depicted in Fig. 2 as toxic have been handled according to these criteria with impressive clinicaltimprovement.
In two of the illustrative cases (Nos. 1 and 2) sequential E.C.G. tracings are shown (Figs. 3 and 4) and though in these cases there are other possible causes of increasing S-T segment sagging these changes progressed as the plasma digoxgn concentrations rose and the patients became intoxicated.
The measurement of plasma digoxin concentration would seem to offer a rational approach to the diagnostic problem of digoxin intoxication and helps in distinguishing those cases in which the presenting s ptoms and signs might be due either to the intrinsic heart disease or to digorin toxicity. The alternatives to a method such as that described here are double isotope derivative dilution assays, such as that described by Lukas and Peterson (1966) for digitoxin, and radioimmunoassay -techniques as described by Butler and Chen (1967) for digoxin and by Oliver et al. (1968) for digitoxin. Double isotope derivative dilution assays take far too long to be of much use in a clinical situation, and the radioimmunoassay techniques seem to offer little advantage over the procedure described and are at present too complex to be of widespread applicability. Brit. med. J7., 1969, 1, 289-292 Summary :-Chronic viraemia has been detected in 10 out of 12 rubella syndrome babies at periods ranging from 1 to 196 days. The virus was found to be associated with letcocytes, and it is assumed that removal of neutralizing antibody is the most likely explanation for the high success rate in detecting viraemia. The findings are discussed in relation to diagnosis by virus isolation, to pathogenesis, and to the possible significance in
Introduction
The chronic excretion of rubella virus for the first two to three years after intrauterine infection is now well recognized (Phillips et l., 1965; Dudgeon, 1967) . However, despite recovery of virus from various tissues and excretions, isolation from blood has been reported only rarely. This paper describes rubella virus isolation from the peripheral blood of 10 out of 12 congenitally infected babies tested at ages ranging from 1 to 331 days. The demonstration of cellular viraia is important not only as an adjunct to diagnosis, as it was in three patients, but also in relation to an understanding of the pathogenesis and the immunological aspects of the congenital rubella syndrome.
Materials and Methods
Patients.-Only 12 of the 33 vir-proved, congenital rubella babies seen at this hospital in the past three years were studied for evidence of virsemia. They were selected in a random manner without regard to age or to degree of severity of their illnesses. The clinical course varied from patient to patient, but as these details are beyond the scope of this report case histories are not presented.
Virus Isolation. Preparation of Blood Specimens.-Blood for virus isolation (usually 2-5 ml.) was collected in sterile containers, ethylenediaminetetracetate or preservative-free heparin (preferably the former) being used as anticoagulant. After allowing the erythrocytes to settle in narrow-bore tubes for 30 to 60 minutes the leucocytes were recovered from the supernatant plasma by centrifuging at 600 g for two minutes, and were washed once with approximately 2 ml. of 0 25 % gelatin saline buffered to pH 7 4. The washed leucocytes, resuspended in a small volume of fresh saline, were seeded in duplicate to roller tube cultures of RK13, MK, and occasionally to human diploid fibroblast cultures. In some instances cell-free plasma was inoculated to cultures at the same time, or after short-term storage at -70°C.
In all instances cultures were not given a change of maintenance medium until cells had been in contact with the monolayer cells for at least 48 hours.
Results
Viraemia was detected in 10 of the 12 babies studied. Table I lists the ages at which viraemia was demonstrated in these 10, and the ages at repeat examination of four of the babies. It also shows that the blood specimens of seven of the babies were examined by additional or alternative methods, three being inoculated without washing the leucocytes free of antibody. On four occasions sufficient blood was available to allow the preparation of primary cultures of leucocytes, which were cultured for three to nine days before transfer to monolayer cultures of RK13 or MK cells. Three of these four primary cultures utilized purified preparations of lymphocytes as described by Simons and Jack (1968) . Table I 
Discussion
The finding of chronic viraemia in congenital rubella patients has both practical and theoretical implications. The recognition of cellular viraemia in addition to plasma viraemia in several virus diseases of man and animals (reviewed by Mims, 1964) has allowed laboratory workers a wider choice of specimens from which to attempt isolation of viruses for diagnostic purposes. Indeed, in this rubella series virus was recovered from the leucocytes of three patients though other specimens taken at the same age were negative. The recognition of longterm cellular localization of rubella viruses may offer an explanation for the failure of most of these babies to become tolerant to rubella virus and may also provide an explanation for the coexistence of chronic infection and specific neutralizing antibody.
In human diseases the advantage of using leucocytes in the search for viraemia was first shown in the case of measles virus infections. Gresser and Chany (1963) showed that whereas viraemia was demonstrable in serum or whole blood in the in- (Green et al., 1965 ; Schiff et al., 1965) indicate that a plasma viraemia exists for the last seven days of BRITJSH MEDICAL JOURNAL 291 the incubation period and ceases with the appearance of the rash, at which stage neutralizing antibody is also detectable for the first time (Sever et al., 1966 ; Meyer and Parkman, 1967 Having demonstrated that cellular viraemia does exist postnatally in babies infected before birth it is perhaps not so surprising that the viraemia should prove to persist for long periods. The chronicity of rubella virus excretion at other sites is now well recognized (Phillips et al., 1965) , though the exact time relationship for recovering it from particular sites has yet to be placed on a firm basis. Cooper and Krugman (1966) found that an initial high success rate in isolating the virus fell with increasing age, and that whereas 60-80% of tests made on various specimens at birth were positive, this fell to 30% at the age of 6 months and to 7% by 10 months of age. Other workers have attempted to establish a ranking list for the practicability of using various specimens for virus isolation in patients not seen until several months of age. Plotkin et al. (1967) ranked lens 47%, throat 9%, and cerebrospinal fluid 5 % at 12 months of age. 
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The findings of chronic cellular viraemia in the 10 cases described in this paper derive from studies made in our routine diagnostic service without preferential treatments such as longer incubation of cultures or blind passaging of cultures, etc. The finding that viraemia is of longer duration than hitherto accepted is likely to represent an advance in technique rather than an attribute of a peculiarly Australian strain of rubella virus. The 12 patients were chosen in an apparently random fashion, but it was found that they suffered a higher mortality rate (6/12) than the remaining proved congenital rubella patients whose leucocytes were not cultured (4/21). Although *his difference is not statistically significant (X'=3-6, 01>P> 0-05), it would seem that further studies are needed to clarify the relation between duration of viraemia and severity of the postnatal illness. Additionally it seems relevant to examine patients for viraemia in relation to the degree of haematological effects of the continuing postnatal illness. Zinkham et al. (1967) and Rausen et al. (1967) reported varying degrees of haematological involvement and each group isolated virus from bone marrow specimens. It remains to be determined whether findligs of peripheral cellular viraemia in the cases described in this paper represent solely persistence of virus in long-lived peripheral leucocytes or localized infection at bone marrow production centres.
To revert to the theoretical implications of these -findings of subacute or chronic viraemia in rubella syndrome babies, one wonders what role an intracellular location of virus during foetal life would play in the failure of the development of immune tolerance. Dudgeon et al. (1964 ) and-Dudgeon (1967 reported that 95 % of babies with congenital rubella virus infection are born with significant levels of their own immunoglobulins (IgM) with specific neutralizing activity. Simons (1969) discussed the proposal of Dent et al. (1968) that there must be a deficiency of cellular immune competence underlying the failure of the body to rid itself of infectious virus. In his view there is no need to postulate an impairment of lymphoid system function to explain the postnatal persistence of virus. Rubella virus could be expected to survive for as long as the life of infected cells and their descendants irrespective of the state of development of the immune system.
A second major problem concerns the failure of the foetus to become tolerant to rubella virus. Our findings of postnatal cellular viraemia lead us to suspect that cellular sequestration of the virus in utero may be a critical mechanism underlying this latter failure, but if this is so it would be necessary to postulate a time difference in the completeness of the sequestration. Early in foetal life most rubella virus may be effectively excluded from the immature immune system. Concurrently with, but independently of,, the maturation of this system infection of leucocytes and other cells would lead to an increased pool of antigen, some of which by leakage from viable cells or after cell death would give rise to immunizing levels of soluble antigens. Despite the difficulties involved, the examination of therapeutically and spontaneously aborted foetuses for both cellular and plasma viraemias at various stages in gestation would appear essential in order to clarify the role of cellular sequestration of virus in the immune response seen in the rubella syndrome.
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